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ABSTRACT
THE EFFECT OF BEARING PRESSURE ON THE
FATIGUE STRENGTH OF RIVETED JOINTS HAS BEEN
STUDIED THROUGH TESTS OF DOUBLE LAP JOINTS
HAVING FOUR 7/8-INCH DIAMETER RIVETS ARRANGED
IN A SQUARE PATTERN. THE 120 SPECIMENS WERE
TESTED UNDER ZERO-TO-TENSION, FULL-REVERSAL,
AND HALF TENSION-TO-FULL TENSION LOADINGS.
THE BEARING RATIOS STUDIED WERE 1.37, 1.83,
2.36, AND 2.74. A PORTION OF THE SPECIMENS
WERE TESTED WITH REDUCED CLAMPING IN THE
RIVETS, WHILE ALL OTHERS WERE TESTED IN THE
"AS FABRICATED" CONDITION.
ON THE BASIS OF THE RESULTS OF THESE
TESTS, IT APPEARS THAT A DECREASE IN FATIGUE
LIFE WILL GENERALLY ACCOMPANY AN INCREASE IN
BEARING RATIO, ESPECIALLY WHEN THE BEARING IS
MORE THAN 2.25 TIMES THE TENSILE STRESS.
HOWEVER, THE BEARING RATIO CANNOT BE CHANGED
WITHOUT ALTERING OTHER VARIABLES SUCH AS THE
GEOMETRY OF THE CRITICAL PLATE AND THE GRIP
OF THE RIVETS (ALONG WITH THE RESULTING
CHANGES IN THE RIVET CLAMPING FORCE). IT
APPEARS THAT THE RESULTS FROM THIS STUDY
SHOULD BE CONSIDERED IN THE SELECTION OF
STRESSES FOR THE DESIGN OF RIVETED JOINTS
SUBJECT TO REPEATED LOADINGS OF REVERSAL OR
ZERO-TO-TENSION AND HAVING AN EXPECTED LIFE
OF MORE THAN 100,000 CYCLES, SINCE CURRENT
(1964) STRUCTURAL PRACTICE APPEARS APPROPRIATE
FOR EXPECTED LIVES OF LESS THAN 100,000 CYCLES.
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DEFINITION OF TERMS
bearing ratio = the ratio of the nominal bearing stress
on the rivet shanks (based on thickness
of plate times nominal rivet diameter) to
the average net section tensile stress.
shear ratio = the ratio of the nominal shear stress on
the rivet shanks (based on nominal diameter
of rivet) to the average net section tensile
stress.
first tension- = the average of slip readings from both edges
cycle slip of the specimen after the load was manually
cycled through the first tension cycle.
test = the ratio (in percent) of the actual ultimate
efficiency stress on the gross section to the ultimate
coupon stress.
transverse
rows
= rows perpendicular to the direction of load.

I. INTRODUCTION
A. BEARING PRESSURE IN RIVETED STRUCTURAL
CONNECTIONS
During the end of the nineteenth and the
beginning of the twentieth centuries, many
theories of structural joint behavior were
developed. One of the first men to draw
attention to bearing stresses in riveted work
was J. H. Latham, of England, in 1858.(l )* At
that time new developments (such as construc-
tion of steam boilers) led to more demanding
uses for rivets and riveted joints. "However,
the pioneers who developed these new machines
were still too busily occupied with the major
principles involved to be able to devote much
time to the study of details." After numer-
ous failures had occurred, investigations and
research were undertaken to study the factors
affecting riveted joint strength under both
static and repeated loadings.
Although there are numerous references on
riveted connections from 1850 to date, there
are relatively few studies reported involving
the effects of bearing pressure. The present
(1964) design specifications in use in the
United States for steel structures give maxi-
mum allowable bearing pressure values as
follows: AREA(2) 1.50 times the allowable
tensile stress; AASHO (3 ) 2.22 times the al-
lowable tensile stress; and AISC (4 ) 2.25 times
Numbers in parentheses refer to entries in
the List of References, page 56.
From Reference Number 1, page 11.
the allowable tensile stress.
On the basis of the allowable bearing
stresses shown above, bearing becomes of con-
sequence only when the connected material be-
comes relatively thin. This is especially
true for joints designed in accordance with
the AASHO and AISC specifications.
B. OBJECT AND SCOPE OF INVESTIGATION
In 1947 the Project I Committee of the
Research Council on Riveted and Bolted Struc-
tural Joints initiated an investigation at the
University of Illinois to evaluate the effect
of bearing stresses on the behavior of riveted
structural connections. The first phase of
the study dealt with the effect of bearing
pressure on the static strength of riveted
joints and has been reported by W. H. Munse. i( )
This investigation showed that the ultimate
tensile strength of a riveted connection is not
reduced as a result of increasing the allowa-
ble bearing pressure to 2.25 times the allowa-
ble tensile stress. Based on that study, a
bearing ratio of 2.25 was specified in the 1963
AISC code. The findings in the first report(5 )
plus the preliminary results from this present
study led to the recent changes in the AASHO
specifications.
Since many structural joints are subjected
to repeated loads, the effects of bearing
pressure under fatigue loadings, as well as
under static loadings, must be considered.
The object of this second phase of the investi-
gation was to evaluate the effect of rivet
bearing on the fatigue strength of riveted
joints composed of ASTM A7(6) steel plates
and rivets of ASTM A141 (6) stock (hot driven
for this series of tests). Since the bearing
pressure in a riveted connection cannot be
varied without changing other properties of
the joints, it is difficult to isolate the
effect of changing the bearing from the ef-
fects produced by the resulting changes in
other variables. These other variables in-
volve such factors as the number of rivets in
line, shear ratio, plate thickness, rivet di-
ameter, rivet pattern, rivet spacing, and
rivet grip (which may affect the rivet clamp-
ing force). To change the bearing pressure,
it is necessary to change at least two of the
other details in the joint design. Conse-
quently, the interrelationship between these
variables must be kept in mind when inter-
preting the test results reported herein.
A range of values for bearing ratio
was selected, both above and below the bearing
ratios common to practice at the time of the
project initiation. At that time bearing
ratios of 1.5 were required by AREA and AASHO
and 1.6 (single shear bearing) and 2.0 (double
shear bearing) were prescribed by AISC.
A total of 124 specimens with four
different bearing ratios and various stress
cycles were designed: 48 were tested under
zero-to-tension loadings; 41 were tested under
complete reversal loadings; 31 were tested
under half tension-to-full tension loadings;
and 4 were tested as control specimens under a
single static loading. The results of these
tests, supplemented by data from other sources,
have been analyzed.
II. DESCRIPTION OF SPECIMENS AND TESTS
A. DESCRIPTION OF SPECIMENS AND METHOD OF
FABRICATION
The specimens were fabricated as four
groups of 31 identical specimens; each group,
had a different bearing ratio: 1.37, 1.83,
2.36, or 2.74. The bearing ratio could not be
changed without changing other joint details;
however, all the specimens were proportioned
with a constant shear ratio of 0.75 and with
four rivets of 7/8-inch nominal diameter ar-
ranged in a square pattern. The holes were
matched-drilled 15/16 inch in diameter. Thus,
bearing pressure, rivet grip (with any result-
ing variation in rivet clamping), and specimen
proportions including joint width, plate
thickness, and fastener spacing became the
principal variables. A summary of the dimen-
sions of the test specimens is shown in
Figure 1.
End distances were determined according
to the AISC specifications in use in 1955, and
the plate thicknesses of the specimens were
chosen such that the center plates of each
joint type were thinner than the combined
thicknesses of the outer or lap plates and
thus were critical. The edges of the speci-
mens were milled to eliminate stress concen-
trations on the edges. The long dimensions
and the direction of loading for the specimens
coincided with the direction of rolling of the
plate stock. No paint was applied to the
contact surfaces of the specimens.
The test specimens were fabricated in the
shop of a large, prominent steel fabricator;
standard driving procedures were specified.
However, it was reported by the fabricator
that refinished dies were used in driving the
rivets, and that unusual care was taken to
hold the rivets at a "cherry-red" color in the
furnace. The rivets were driven with a 50-ton
capacity, horse-shoe type riveter. The air
cylinder was adjusted to achieve maximum
pressure, a somewhat unusual procedure for
short rivets, and the pressure on each rivet
was reported to have been maintained for a
slightly longer time than usual. There was no
record of the length of time that pressure
was applied to each rivet, but it was esti-
mated by the fabricator that pressure was
probably maintained two or three seconds
longer than was customary.
B. PROPERTIES OF MATERIALS
All of the specimens were prepared from
plate stock specified to be in accordance with
ASTM designation A7-55T(6) for structural
grade steel. However, standard flat coupons
were cut from the parent plates and were
tested in the laboratory to determine the
actual mechanical properties of the material.
The results of the coupon tests conducted at
the University of Illinois, and the chemical
composition and mechanical properties from the
mill reports are summarized in Table 1. The
laboratory tests were performed in accordance
with ASTM designation E8-57(8) for tension
testing of metallic materials. The values of
yield strength, ultimate strength, reduction
TABLE 1.
MECHANICAL AND CHEMICAL PROPERTIES OF PLATE AND RIVET MATERIAL
a. Mechanical Properties of Specimen Plate Material (Determined at the
University of Illinois)
All coupons were standard 8-inch gage length and were tested at a loading
rate of 0.2 inch/minute. For each plate thickness, five to seven coupons
were tested. Since the variation in properties across the width of a
plate was small, the average value is shown.
Plate
Thickness
inch
3/8
7/16
9/16
3/4
Upper
Yield
psi
45,100
44,200
40,200
38,300
Ultimate
Strength
psi
Elongation
%
Reduction
in Area
%
66,500
68,900
63,500
65,000
51.4
51.4
54.5
55.4
b. Chemical Analysis and
(Mill Report)
Plate
Thickness
inch
Mechanical Properties of Plate Material
Carbon Mang Phos. Sulfur Yield
% % % % psi
Ultimate
psi
Elongation
in 8 in.
%
3/8 0.27 0.40 0.016 0.036 41,340 69,500 28.5
7/16 0.25 0.44 0.017 0.031 40,130 68,800 29.0
9/16 0.26 0.40 0.015 0.035 35,980 65,260 27.5
3/4 0.25 0.46 0.018 0.029 40,580 66,540 28.5
c. Chemical Analysis and Mechanical Properties of Rivet Material
(Mill Report)
Rivet Diameter Phos. Sulfur Yield Ultimate Elongation
inch % % psi psi %
.04 Max. .05 Max. 29,600 58,500 26.5
in area,
indicate
A7-55T.
the mill
and elongation presented in Table I
the materials met the requirements of
The rivet material properties from
report are also included in Table 1.
C. DESCRIPTION OF EQUIPMENT
The University of Illinois 200,000-lb.
fatigue testing machines (Figure 2) used for
these tests have been described in detail by
Wilson and Thomas. The tests were run at
approximately 200 cycles of loading per minute
except for the tests in reversal, most of
which were run at 100 cycles of loading per
minute. The speed of loading for the reversal
tests was reduced because of the excessive
pounding that occurred at the higher loading
rate.
Before the tests for this program were
begun, the fatigue machines were calibrated
both statically and dynamically. A detailed
description of the calibration of the fatigue
testing machines was given in Appendix A of
Lewitt's report. The calibration showed
that while the machines were operating at full
load, the dynamic load exceeded the static
load by approximately 1 1/2 per cent; the
dynamic effects were smaller as the loads were
reduced. Thus, the dynamic effect of these
machines may be considered insignificant for
these tests.
One of the principal measurements made
during the tests was the "slip" of the joints.
This slip, measured by mechanical dial gages
mounted on both edges of the specimens at the
first transverse row of rivets, may include
elastic and plastic deformations in the joints
as well as slip. On three of the fatigue
specimens, electrical resistance strain gages
were used to provide a general indication of
the distribution of load in the specimens.
The location of strain gages and slip dials
may be seen in Figure 3. The static specimens
were instrumented with strain gages and slip
dials in a manner similar to that used for
the fatigue specimens.
D. DESCRIPTION OF FATIGUE TESTS
The testing procedure was kept as uniform
and consistent as possible throughout the
entire program. Each specimen was inserted
carefully in a fatigue machine, and the slip
dials were mounted. A static load of approxi-
mately 20 kips (5 ksi on the net section) was
applied to the specimen before the end bolts
were tightened to clamp the specimen in the
fatigue machine grips or heads. This pro-
cedure reduced to a minimum the initial
eccentricity of load in the members.
The specimen was then loaded by manually
cycling the fatigue machine for the first few
cycles of loading. Load and slip data (and
strain readings for those specimens with
strain gages) were recorded during the initial
cycles and then the fatigue machine was
started. The load on the specimen was re-
checked frequently during the first six or
eight hours of testing; the test load was
subsequently checked twice daily. The slip
dials were read, the number of applied cycles
of load was recorded, and the load was reset,
if necessary, at each check. In the event of
failure or of any large slip or movement in
the joint, the fatigue machine automatically
turned off.
The test specimens, stress cycles, and
bearing ratios were randomized to avoid the
possibility of a systematic error in the test
results.
E. CORRELATION WITH OTHER INVESTIGATIONS
As data accumulated from the early tests,
considerable scatter was noted, such as that
shown in Figure 3B of the Appendix. Study of
this scatter suggested that variations in
clamping force in the rivets had a marked
effect on the fatigue strength of the joints.
Variable clamping appeared to be present in
the otherwise identical specimens which had
been fabricated at one time by one fabricator.
Accordingly, it was decided to reduce the
clamping force to a minimum for most of the
remaining tests. Two methods were used to.
reduce the clamping force in the rivets:
(1) machining away most of the rivet heads as
shown in Figure 4, and (2) pressing the rivet
head in order to detrude slightly the shank.
After it was noted that the rivets with re-
duced clamping rotated in the holes during
cycling and were subject to fatigue failure in
bending, the procedures of preparing reduced
clamping specimens were altered by welding a
bar to two adjacent pressed rivet heads
(transverse to the direction of load) to pre-
vent rivet rotation.
The several variations in types of load-
ing, levels of stress, bearing ratios, and
later the clamping forces of the rivets
The data from fatigue tests are generally
presented on the basis of a stress vs. number
of cycles plot (S-N curve) with the cycles on
a logarithmic scale (semi-log plot), or with
both stress and cycles on logarithmic scales.
limited the number of specimens which were
tested with identical conditions. When this
small number of duplicate specimens is com-
bined with the usual scatter (on an S-N curve)
of fatigue tests, the interpretation of the
data becomes more difficult than would normal-
ly be the case. Therefore, where possible,
other sources of reference data have been used
to support the results of this series of tests.
Generally, reference data were selected which
had been obtained from specimens similar to
those of this investigation: rivets of
ASTM-Al41, material plates of A7 steel, T:S
ratio nearly identical to those reported
herein, nearly the same rivet pattern, and
approximately the same plate dimensions.
Because of the scarcity of reference
data which could be used to evaluate the
effect of bearing pressure on the fatigue
strength of riveted joints, the S-N plots for
these correlations have been prepared with
ranges of bearing ratios. These ranges were
chosen so that the bearing ratios of the
specimens tested in this study fell near the
center of the selected ranges. A legend of
the reference sources of data as used for the
S-N curves appears in Appendix B, page 44.
The bearing ratio of each specimen type has
been noted on the S-N plots of Appendix B,
pages 45 through 51.
III. RESULTS OF FATIGUE TESTS
The results of each group of tests--zero-
to-tension, complete reversal, half tension-
to-tension, and static loadings--will be re-
viewed in turn in this section, while an
analysis of these data appears in Chapter IV.
Details of every individual test are tabulated
in Appendix A, Tables 1A through 4A; for each
bearing ratio the appropriate table lists
values of applied stress cycle, first tension-
cycle slip, net-section stress at first change
in slip, number of applied cycles, speed of
loading, type of rivet clamping, and remarks.
These data are plotted individually on the
S-N curves of Appendix B, Figures IB through
13B, where the curves are classified according
to the type of loading and the bearing ratio
range.
A. ZERO-TO-TENSION TESTS
1. S-N Curves
The 48 zero-to-tension tests of this
study are summarized by the S-N curves in
Figure 5. These curves were obtained from
the individual S-N plots of Figures 1B to
5B, which also include data from reference
sources. The difference in behavior for
joints with normal or reduced clamping
is readily apparent in Figure 5. Also,
Figure 5 shows a definite increase in fatigue
Net-section stress at first change in slip
was determined from the net section stress-
slip curves, using the point of marked change
in slope. (See "Effect of Slip," page 12.)
strength with a decrease in bearing pressure
for riveted connections having either normal
or reduced clamping force in the rivets. A
curve representing test results for a bearing
ratio of 3.8 by Wilson and Munse(10 ) is also
shown in Figure 5. In this figure the S-N
curves for bearing ratios of 2.36 and under
show a relatively small spread; however, it
appears that fatigue strength may be affected
more markedly when the bearing ratio is varied
between about 2.36 and 2.74. These obser-
vations are valid whether the specimens had
rivets with normal or reduced clamping.
The S-N curves in Figures IB through 5B
for normal clamping appear to be reasonable
delineations of the test and reference data
except for the plot in Figure 3B with the
bearing ratio range of 2.00 to 2.49. Unfortu-
nately, only a limited number of reference
data points were available for comparison,
and considerable scatter is evident in the
data. The scatter of the test results re-
ported here is thought to have been a result
of the variation in rivet clamping force from
specimen to specimen (and rivet to rivet); the
fact that the plots for reduced clamping of
Figure 3B show considerably less scatter sup-
ports this conclusion.
2. Strain Distribution
During the initial phase of the investi-
gation, when the results of the 2FR tests
showed considerable scatter, SR-4 gages were
placed on specimens 2FR-2 and 2FR-6 in order
to determine whether the scatter of test data
might be caused by eccentricity of loading or
from specimen curvature. The results of the
strain readings (presented in Lewitt's
report 7 ) ) indicated that the center plates
were not stressed uniformly through the thick-
ness. Although this information suggested
some eccentricity of loading, it did not
reveal the strain at the edge of the holes
where failures actually initiated, and thus
could not be correlated directly with the
fatigue life.
Some redistribution of strain can be
expected to occur during the tests because of
joint slip, bearing and wear at the rivets,
localized inelastic behavior at the holes,
etc. However, since such changes would occur
near the rivet holes, measurements of such
alterations could not be made by strain gages
or similar conventional instrumentation.
B. FULL REVERSAL TESTS
1. S-N Curves
Forty-one specimens were tested in full
reversal. Data from the various series of
tests are plotted on separate S-N curves in
Figures 6B to 9B of the Appendix, and a
summary of these plots is presented in
Figure 6. It will be noted that for the
normal rivet clamping force, the curves for
bearing ratios of 2.36 and below lie in a very
narrow band; however, some decrease in fatigue
strength is associated with the change in
bearing ratio from 2.36 to 2.74. Also, it is
interesting to note that based on these data
the joints with a bearing ratio of 1.83 have
a somewhat higher fatigue strength than the
connections with a 1.37 bearing ratio; this is
opposite to the general trend.
The results from the 3FR and IFR specimen
types with normal rivet clamping as shown in
Appendix B, Figures 78 and 9B respectively,
show some scatter. Again, it is thought that
this scatter may be attributed to the vari-
ation in clamping force, as discussed for the
zero-to-tension tests. Evidence of relatively
low clamping forces in the IFR specimens was
found during the initial phase of this study;
in the full reversal tests the IFR specimens
developed excessive slipping. This movement
produced a pounding that was undesirable in
the testing machines, and which would not be
desirable in, or typical of, the behavior of
actual structural joints for most structures.
The tests of the first two IFR specimens were
discontinued after pounding initiated; later,
in the full reversal tests, the pounding effect
was reduced by decreasing the speed of loading
from 200 cpm to 100 cpm. The 1FR specimens
also slipped at relatively low stresses during
the initial static loadings.
Because of the limited number of speci-
mens available, there were few full reversal
tests with reduced clamping; therefore, the
summary plot in Figure 6 shows curves for only
the upper and lower limits of bearing ratios.
The curve for the lower bearing ratio and
reduced clamping was not well defined. The
lack of definition of the curve results since
two specimens had rivet failures, and specimen
4FR-28 (with machined heads) had a rivet fall
out during testing; therefore conclusive
results could not be obtained from these tests.
However, it should be pointed out that data
from Reference 11 at the lower level of bearing
ratio are in good agreement with the test
results reported herein. The specimens of Ref-
erence 11 had cold driven rivets with measured
clamping forces similar to those of the reduced
clamping specimens; the clamping forces of
those cold driven rivets was determined by a
relaxation method. In Figure 6, curves for
reduced clamping are shown for the maximum and
minimum bearing ratios. Only three such tests
were made with the 3FR type specimens and, as
noted in Table 3A, Appendix A, two of those
three tests had to be discontinued (one because
of rivet failure); therefore there are insuf-
ficient data to establish an S-N curve for
that bearing ratio. No tests were made in
full reversal loading on 2FR specimens with
reduced clamping. However, the pattern of
the data of Figure 6 is similar to the pattern
discussed for the zero-to-tension tests shown
in Figure 5.
The test results for reduced clamping
were not only limited but were also quite
variable, as shown in Figure 9B of Appendix B.
This scatter of results is thought to be due,
in part, to the effect of full reversal load-
ing at high bearing stresses and the resulting
excessive elongation and wear of the rivet
holes; some of the tests had to be stopped
after considerable hole elongation, because
the proper load range could not be maintained
within the stroke available on the fatigue
machines.
2. Strain Distribution
Specimen 2FR-5 was instrumented for
strain measurements under full reversal load-
ing. Results were similar to those discussed
earlier for zero-to-tension specimens.
C. HALF TENSION-TO-FULL TENSION TESTS
Thirty-one specimens were tested in half
tension-to-full tension loading. The results
of the individual tests are plotted on
separate S-N curves in Figures O1B to 13B of
Appendix B; the summary curves are shown in
Figure 7. Again, this summary shows an
increase in fatigue strength with a decrease
in bearing ratio for both normal and reduced
clamping force in the rivets, especially at
the higher bearing ratios. It is interesting
to note that the 3FR and 4FR curves for normal
clamping force almost coincide, indicating
that fatigue strength is not greatly affected
by changes in relatively low bearing pressure.
The curves of Figure 7 also indicate an effect
on the fatigue strength from reduced clamping,
especially for high bearing pressures.
There were few data found in the litera-
ture for this loading condition; however, a
generally consistent pattern appears. The
scatter on Figure 12B for the 2FR specimens
is probably due to the variation in clamping
force as discussed previously. The S-N curve
has been drawn after careful study of all data
available rather than only of the 2FR tests
on this figure. Specimens were not available
for reduced clamping tests on the 2FR speci-
ment type under half tension-to-tension load-
ing cycles.
D. STATIC TESTS
Table 5A of the Appendix summarizes the
results of the static tests and provides a
comparison of static strengths for the vari-
ous types of specimens. It was reported(5 )
earlier that the static test efficiency
increases with bearing ratio until the bear-
ing ratio is between 2.0 and 2.5, and then the
test efficiency begins to decrease because of
the offsetting effect of the wider rivet
spacing. The results of the static tests of
this report are typical and agree with the
previous work reported by Munse.(5)
IV. ANALYSIS OF FATIGUE TEST RESULTS
A. FAILURES
In most of the specimens a fracture
initiated at the first row (indicated in
Figure 1) of rivet holes in the center plate
and progressed outward toward the edge and
inward toward the middle of the plate. The
tests were discontinued when the crack became
visible or when the proper load could not be
maintained. Figure 8 shows a view of a
typical fracture of a joint. The fine-grained
texture of the steel and the "beach marks"
show the progression of the fatigue crack on
both sides of the left rivet. The crystalline
appearance between the two rivets indicates a
brittle-type fracture which initiated from the
fatigue crack notch when the joint was pulled
apart statically (at the completion of the
fatigue test) for observation of the extent
of the fatigue crack. The ductile failure at
the right edge of the center plate also oc-
curred as the joint was loaded statically.
Many specimens exhibited only a ductile
fracture beyond the fatigue crack.
The unexpected or unusual failures that
developed in the program are listed in Table 2.
A number of specimens failed outside the test
zone and in the bolted joints used to connect
the specimens to the fatigue machine. These
specimens all had over a million applied
cycles, and the failures appeared to have re-
sulted from fretting between the pull-head of
the fatigue machine and the specimen. Fret-
ting occurs at contact surfaces which,
although intended to have no relative motion
to each other, actually undergo minute alter-
nating relative motions.( 12 ) Consequently,
fretting failures would appear to be possible
both at the ends of the specimens where they
are bolted to the machine and in the riveted
connections; these failures might initiate
either on the surface of the plates or in the
rivet or bolt holes. Figure 9 shows a typical
specimen failure that occurred in a bolted
head, and the polished surface just to the
left of the bolt hole in the photograph gives
evidence of the fretting which occurred.
Three specimens failed in an outside
plate (Figure 10) after a million or more
applied cycles; yet, all joints were propor-
tioned so that the inner plates were the more
highly stressed. It appeared that fretting
may have initiated these failures also. With
all three of the outside plate failures it was
noted that a rubbed or polished surface
existed near the rivet hole, and a "lip" or
"step" was evident in the outside plate.
This step is characteristic of fretting
failures. The failure in the outer plate of
the 3FR-9 specimen, which had normal rivet
clamping, was produced by fretting at a rivet,
and a rubbed surface was evident. The other
members, specimens IFR-14 (maximum bearing
ratio) and 4FR-15 (minimum bearing ratio) had
reduced clamping force and apparently failed
as a result of fretting that occurred between
the rivet shank and the plate surface inside
the hole. Since unusual care was taken in
hot-driving these short-grip rivets, it is
TABLE 2.
SUMMARY OF UNUSUAL TEST RESULTS
Cycle
Speed
cpm
Applied
Cycles
Specimen Head Failure
3,979,200+
1,045,600+
1,320,100+
1,758,600+
1,142,800+
Normal
Normal
Normal
Normal
Normal
Clamping
Clamping
Clamping
Clamping
Clamp i ng
Outside Plate Failure
1,358,700
954,700
1,716,200
Reduced Clamping
(Machined Rivets)
Normal Clamping
(Pressed Rivets)
Reduced Clamping
No Apparent Failure
5,035,600+
4,663,600+
3,045,200+
5,104,000+
4,877,500+
3,581,400+
3,730,600+
Normal
Normal
Normal
Norma l
Normal
Normal
Normal
Clamp i ng
Clamping
Clamping
Clamping
Clamping
Clamping
Clamping
Rivet Failure
83,000
52,900
2FR-8
2FR-15
2FR-26
4FR-3
4FR- 10
1FR-14
3FR-9
4FR-15
2FR-9
2FR-17
2FR-23
3FR-l 1
3FR-12
3FR-18
4FR-4
3FR-14
4FR-24
4FR-30
Reduced Clamping
(Pressed Rivets)
Reduced Clamping
(Pressed Rivets)
Reduced Clamping
(Machined Rivets)
Specimen
No.
Stress
Cycle
ks i
Remarks
0 to
0 to
17.5 to
0 to
±16
0 to 14
100 62,400
conceivable that hole-filling and resulting
fretting between the rivet shank and the plate
could have been a contributing factor. Other
studies have shown that the rivet shank di-
ameter may be expanded to maximum at both
ends (at the outer plies), but especially at
the driven end, because of the high pressures
from driving.
The tests of "no apparent failure" speci-
mens presented in Table 2 were stopped after
more than three million applied cycles in
order to reduce the time involved in the test-
ing program. These specimens had normal
clamping, and the first tension cycle slip
was very low except in the one-half tension-
to-tension loadings. These results suggest
that the rivets of those joints must have had
exceptionally high clamping. No fatigue
fracture zones were found after the joints
were tested to failure statically. The
ultimate strength of these fatigue specimens
is shown in Table 6A.
Some of the tests were stopped, as noted
in Appendix A, because the load could not be
maintained; when these specimens were pulled
apart statically it was discovered that
internal cracks had developed during fatigue
loading (see Table 3). With the exception of
some of the IFR specimens (high bearing), all
of these tests were run with stresses well
above normal design levels.
Other specimens on which the load could
not be maintained were disassembled and found
to have developed excessive deformation of the
rivet holes as shown in Figure 11. Those
specimens are listed in Table 4. It should
be noted that all of these tests involved
reversals of load and reduced clamping and
that three of the four specimens were of the
highest bearing ratio tested.
One test with a bearing ratio of 1.37,
4FR-28 (Figure 4), was stopped because a rivet
fell out during the testing. This specimen
had reduced clamping obtained by machining
the rivet heads. The reversed load stress
cycle tended to loosen and to turn or rotate
the rivets; the light tack welds holding the
rivet head broke, allowing the rivet to
rotate and work out of the hole.
Three other specimens, 3FR-14, 4FR-24,
and 4FR-30 (the lower bearing ratios),
exhibited rivet failures. All three speci-
mens had minimum rivet clamping (two speci-
mens having pressed rivets and one specimen
having machined rivets), the same high level
stress cycle of ±24 ksi in reversal, and very
low numbers of applied cycles, ranging from
52,900 to 83,000. Upon observation of the
failed rivets it was noted that the rivets
had turned in the holes in all cases. This
could alter the bearing pressure during the
tests since the rivets were not perfectly
cylindrical; the load distribution to the
four rivets might be affected, with unusual
or locally high bending stresses in the
fasteners being produced. Thus, fatigue of
the rivets occurred rather than of the joints.
B. EFFECT OF SLIP
A net section stress-slip curve, typical
of those obtained during the first cycle of
loading in the fatigue tests, is shown in
Figure 12. The average stress at first change
in slip was determined from a marked change in
slope of the net section stress-slip curves.
From this type of information it is possible
to estimate the variation in clamping force
of the different specimens by comparing the
average stress at first change in slip. This
has been done in Table 5 for joints with
normal clamping, showing the average net
section stress at the first change in slip
and a calculated average clamping force for
each specimen type. The average stress at the
first change in slip increased as the grip of
TABLE 3.
SPECIMENS WITH UNEXPECTED
Stress Cycle
ksi
±14
+19 to +38
±12
+19 to +38
0 to +20
±20
+18 to +36
±26.5
+22.5 to +45
+23 to +46
+23 to +46
FATIGUE FAILURES
Test Stopped
at Applied Cycles
929,300
232,000
1,836,400
193,100
278,200
44,000
3,386,600**
26,600
66,200
134,000
510,900
Reduced clamping.
Only specimen which had not exceeded deformation capacity
of fatigue machine when test was suspended.
TABLE 4.
SPECIMENS WITH EXCESSIVE DEFORMATIONS AT RIVET HOLES
Stress Cycle
ksi
Test Stopped
at Applied Cycles
138,400
615,500
36,000
182,800
Reduced clamping
Specimen
IFR-17
IFR-18
1FR-21
1FR-22
1FR-30*
1FR-31*
2FR-20
2FR-30
3FR-23*
4FR-29*
4FR-31
Specimen
IFR-12*
1FR-28*
IFR-29*
3FR-28*
TABLE 5.
ESTIMATED AVERAGE CLAMPING
Average Net Section
Stress at First Change
in Slip, ksi"
Estimated Average
Clamping Force
per Rivet, kips""
Estimated Average
Clamping Stress
in Rivet, ksi
11.5 (for 16 tests)
15.7 (for 18 tests)
20.0 (for 15 tests)
22.6 (for 7 tests)
12.9
17.7
22.5
25.4
18.7
25.7
32.6
36.8
Some of the tests showed no marked change in slope of the stress-slip
curves and have not been included in these figures.
Based on an assumed coefficient of friction or slip coefficient of
0.40 for rough mill scale.
The rivet diameter was taken as 15/16 inch for this calculation.
Specimen
Type
the rivets increased, indicating that higher
frictional resistance and consequently higher
clamping forces existed for the larger grips.
An estimated clamping force was computed for
each type of specimen assuming a coefficient
of friction of 0.4. This value was selected
because the surfaces of these plates (see
photos) were somewhat rougher than the mill-
scale surfaces which have been shown in other
research to provide average coefficients of
friction of about 0.35. The computed average
clamping forces are as high or possibly higher
than those found in other investigations
(13)
for corresponding grips and would tend to
substantiate the observation that unusual care
had been taken in the driving of these rivets.
For the specimens with reduced clamping,
the net section stress at first slip was
usually less than 7 ksi as determined from the
slip curves; this is equivalent to an approxi-
mate clamping force of less than 8 kips per
rivet (or about 11 ksi tension in the rivets).
The stress-slip curves from some of the re-
duced clamping tests had no pronounced change
in slope, as indicated in Appendix A. For
many of the reduced clamping specimens the
slip increased sharply at almost no load and
indicates that the rivet clamping was reduced
to so small a value that the stress at first
change in slip can be considered equal to zero.
An attempt was made to relate the amount
of slip during the first cycle of loading to
the fatigue life. However, although there
appeared to be a tendency for the fatigue
resistance to decrease with an increase in the
slip per cycle, the large number of variables
introduced from the many variations of speci-
men types, clamping, applied stresses, etc.,
made the study inconclusive. Similar vari-
ations in fatigue life with joint slip have
been reported in Reference 14.
C. SCATTER OF TEST RESULTS
In Appendix B it will be noted especially
that the 2FR specimens with zero-to-tension
and half tension-to-tension loadings and the
IFR and 3FR specimens with loadings in com-
plete reversal gave scattered test results.
This scatter for the as-riveted specimens is
no doubt a result of factors such as vari-
ations in initial clamping force of the
rivets, differences in hole filling by the
rivets, and the surface condition of the
plates.
Unfortunately, the actual variation in
initial clamping force of rivets could not be
determined without destroying the specimens.
A study of clamping force made by T. Yoshima,
as discussed in a paper 15 ) by Wyly, shows the
possible variation in clamping force of the
hot-driven rivets of A-141 stock in 32 double
lap joints. In Yoshima's study, the clamping
force of short grip, 3/4-inch diameter rivets
varied from 1,000 to 19,600 lbs (or from
1,900 psi to 37,700 psi). The study is sig-
nificant since it demonstrated the possibility
of low clamping force in as-driven rivets. A
paper 16 ) by Munse et al., provides test
results of bolted specimens which were identi-
cal except for variations in initial clamping
force. Those tests showed that the fatigue
strength of the members increased as the
fastener clamping forces were increased and
substantiated the tentative conclusions of
earlier studies(10) by Wilson and Munse. This
further confirms the premise that variations
in fastener clamping force contributed to the
scatter in the results of the fatigue tests
reported herein.
Rivet hole filling may also influence the
life of a connection subject to fatigue load-
ing. When the rivets fill the holes, they
will distribute the load more uniformly
through bearing and thus may produce lower
stress concentrations at the holes; on the
other hand, rivets which are appreciably
smaller than the rivet holes or which do not
conform to the shape of the hole will produce
greater stress concentrations when pulled into
bearing. Loadings in complete reversal and
with high stresses (sufficient to cause slip
in both directions) were especially damaging
to the connections with poor hole filling;
excessive pounding resulted and the rivets
tended to turn or rotate in their holes. The
variations in hole filling cannot be deter-
mined prior to testing without destroying the
specimen. Radiographic examinations were
tried, but the degree of definition was too
small to be useful.
Any damage in handling or fabrication
might also cause stress concentrations that
would influence the life of a joint. However,
there was no visible damage noted in the
specimens of this study.
In summary, it appears that variations in
initial clamping force of the rivets probably
had more influence on the scatter of the
fatigue results than any of the other uncon-
trolled variables. When it appeared that
variations in normal clamping were producing
considerable scatter in the fatigue results
for identical specimens, reduced clamping was
introduced for part of the remaining specimens;
the results of the members tested with reduced
clamping were much more consistent.
D. FACTORS THAT AFFECT FATIGUE STRENGTH
In general, the summary S-N curves
(Figures 5 through 7) representing the average
test results show that there was an increase
in fatigue strength with a decrease in bearing
pressure as discussed earlier. This generality
is true for all three types of loading condi-
tions (reversal, zero-to-tension, and half
tension-to-tension) considered in this report,
and is true whether the joints were tested
with rivets "as-driven" or with reduced
clamping. A more descriptive relationship
between bearing and fatigue strength for each
type of loading is shown in Figures 13, 14,
and 15. These curves reflect not only changes
in bearing ratio but also (of necessity) some
geometrical effects. However, using
Figures 13, 14, and 15 it is possible to
estimate fatigue strength for any normal
bearing ratio. It will be noted that these
plots also show the tendency for lower fatigue
strengths with higher bearing ratios. For a
given life, the range of fatigue strength at
a certain bearing ratio is very clearly
affected by rivet clamping. A particular
joint may fall within the cross hatched area,
or perhaps slightly above or below the band
shown, depending upon rivet clamping and other
factors such as those mentioned later. Plots
similar to those of Figures 13, 14, and 15
could be developed from Figures 5, 6, and 7
for other joint lives.
Study of Figures 13, 14, and 15 will also
show that fatigue strength increases, for a
given bearing ratio, as the load cycle is
varied from complete reversal through zero-to-
tension to half tension-to-tension. However,
it is apparent that the plots for reversal
have a flatter slope than was obtained in the
zero-to-tension and in the half tension-to-
tension tests. Under the reversal loading
cycle, the variation in fatigue strength with
bearing pressure was small and fatigue
strengths were lower; however, with the other
loading cycles having higher fatigue strengths
the variation was much greater and appeared to
be most pronounced in the region of a bearing
ratio of 2.5.
When a rivet or bolt delivers load to a
plate by bearing, the stress concentration in
tension may be nearly twice as great as that
caused by the hole alone.(17) This finding
suggests why increased bearing pressure may
contribute to a lower fatigue strength. Tests
by Wilson and Munse "0)* showed that plates
with open holes had a higher fatigue strength
than similar plates comprising riveted joints.
However, data from Reference 14 show that
riveted joints have fatigue lives which fall
between the lives for similar plates with no
holes and plates with open holes or plates
(not joints) with holes filled with rivets.
The difference in these two findings may have
been caused by differences in the rivet
clamping forces.
It should be recognized that the fatigue
behavior of the specimens reported herein and
similar specimens may be affected by factors
other than changes in bearing pressure; these
include fastener grip, plate and fastener
materials, geometrical changes, etc. Since it
is not possible to vary bearing ratio without
changing the geometry (and also the materials,
etc.), the fatigue behavior is affected by the
composite effect of the several variables
changing simultaneously. However, it is
believed that the factors that have the most
influence on the fatigue strength of riveted
joints, as related to bearing ratio, are the
width and thickness of the members, the number
of transverse rows of rivets which are perpen-
dicular to the direction of loading, and the
clamping force of the rivets (which is related
to the rivet grip).
As the bearing ratio is increased, the
width of the critical plate increases and the
Data are also available from a number of
other sources for plates with open holes and
comparing plates with open holes and riveted
plates or riveted joints. These sources in-
clude: Reference 9; "Static and Fatigue Prop-
erties of High Strength Low-Alloy Steel Plates
Related to Those of Carbon and of Silicon
Steel Plates," by F. Baron and E. W. Larson,
Jr., Project 6, Northwestern University, Jan.
1952; and "Fatigue Tests of Joints of High-
Strength Steels," by N. G. Hansen, ASCE Trans-
actions, Vol. 126, Part II, Paper 3241,
pp. 750-763.
thickness decreases simultaneously; this
suggests that the fatigue life of a double-
lap joint having four fasteners in two rows
might decrease from the composite effect of
the width and the rivet gage increasing but
the thickness decreasing. Increasing the
width of plate (while decreasing the thick-
ness) and increasing the transverse spacing
of the rivets (while maintaining a constant
tension:shear ratio) produces a stress distri-
bution across the net section having greater
nonuniformity; therefore higher stress concen-
trations would occur at the rivet holes. With
the higher stress concentrations, we would
expect a shorter fatigue life from this
increase in transverse spacing and the
decrease in plate thickness; this was demon-
strated in Reference 10. To the authors'
knowledge, there is no satisfactory means of
isolating the proportional effects of the
plate thickness and width in these actual
joints. Thus, in these tests the reduction
in fatigue strength with the increase in bear-
ing ratio probably resulted from the combined
effects of transverse spacing, thickness, and
bearing ratio. This is supported also by data
in Reference 18 where the endurance limits of
single plate specimens containing two holes
in line are compared with the endurance limits
for double-lap bolted joints without clamping
force, with the same basic plate geometries
for the two specimen types. If one assumes
that the changes in width and thickness in
Chu's 18 ) tests had the same effect on the
fatigue strength of the plain plate specimens
with holes as on the bolted joints and makes
the appropriate adjustment, that reference
shows that the fatigue limit of the bolted
joints without clamping force decreased almost
linearly with an increase in bearing ratio in
the range of 1.2 to 2.4.
This present study includes only speci-
mens with two transverse rows of rivets; it
should be mentioned that the number of trans-
verse rows appears to affect the fatigue
strength of a joint. Tests by Wilson and
Munse(10) indicated that for a small number
of rows (three or less), the fatigue strength
of a joint decreased with a decrease in the
number of transverse rows of rivets. Results
from Reference 14 indicated that, for both
riveted and bolted joints, changing from a
2 x 2 pattern (square) to a 1 x 4 pattern (4
transverse rows) decreased fatigue strength
by a few percent; but further reduction in
fatigue strength occurred when the bolted
joint was changed to a 1 x 6 pattern, accord-
ing to later studies by the authors of
Reference 14.
The above phenomena may be explained as
follows. It appears(00) that the ratio of
maximum to average stress on a section through
a pin hole is greater for a hole with a small
end distance than for one with a large end
distance. Applying this finding to a riveted
joint, one sees that the stress concentration
would be greater for the critical section of
a joint with a single transverse row of rivets
with normal end distance than it would be for
the critical section of a multiple row joint.
Thus, it is to be expected that the fatigue
strength would be less for a joint with a
single transverse row. However, when the
joint has three or more transverse rows of
rivets, the uneven load distribution to the
rivets caused by the unequal elongations of
the plates along the length of the joint may
produce a high proportion of load transfer at
the end fasteners and thus a higher stress
concentration than will occur in shorter
joints, especially for loads below yield and
ultimate. (19) Although the number of trans-
verse rows of rivets was not a variable in the
study reported herein, the effect of the num-
ber of transverse rows should be kept in mind
when interpreting these results for design and
when selecting factors of safety.
The clamping force of the rivets appears
to have a major influence on the fatigue
strength of riveted joints. The higher clamp-
ing force which generally occurs with longer
rivet grips is beneficial for two reasons:
(1) the frictional resistance prevents the
rivets from slipping into bearing and trans-
fers part or all of the load by friction; and
(2) the material at the edge of the rivet hole
receives a compressive stress. Both of these
effects tend to produce a more uniform stress
distribution near the hole and a reduced
effective stress concentration. A report(15)
by Wyly points out the importance of clamping
force by comparing the behavior of a connec-
tion with rivets with the behavior of a joint
assembled with bolts. Wyly pointed out that
joints connected by high-strength bolts are
much stronger in fatigue than when connected
by rivets because bolts with high clamping
forces usually have little or no bearing and
produce a more uniform stress distribution in
the plates. Other research 14 '2 0 ) has also
shown this to be the case.
E. COMPARISON WITH OTHER RESULTS
Several sources of reference data were
used as aids in drawing the S-N curves for the
specimens with normal clamping and composed of
double lap joints. However, only one partic-
ular type of full-size specimen with known
reduced rivet clamping and a single loading
type, zero-to-tension, was found in those
references.
A number of fatigue tests of single lap
joints with bolts in full bearing and no
clamping force with zero-to-tension fatigue
loadings were reported by L. T. Wyly and J. W.
Carter.(21) The 4 1/2 x 3/8-inch bar speci-
mens were fastened with two bolts of I inch
diameter. The bolts were push-fit into bored
holes I inch in diameter. The test results by
Wyly and Carter are plotted on the S-N dia-
gram of Figure 16 and may be compared with
the 3FR specimens of the present program. A
somewhat lower fatigue strength was found for
the single lap joints than for the double lap
joints of the present test series. Similar
comparisons between the fatigue strength of
single and double lap joints have been shown
by others. The bending of the plates in
a single lap joint increases the plate stress
at the critical section; in addition, this
bending produces even higher bearing stresses
from the rivet at one edge of the hole, thus
further augmenting the effective stress con-
centration at the critical section of the
plate. This, no doubt, accounts for the
lower lives of the single lap joints.
A study at the University of Kansas(
18 )
contains data on the effect of bearing
stresses under zero-to-tension fatigue load-
ings; however, it was conducted on relatively
small double lap specimens with 0.25-inch
diameter fasteners and main plate widths of
0.85, 1.15, and 1.45 inches, having thick-
nesses of 0.085, 0.055, and 0.040 inch respec-
tively. Three series of tests--simple plain
plate specimens with two holes, bolted joints
without clamping force, and bolted joints with
clamping force--were performed. It is inter-
esting to compare the tests from Kansas on
"model" joints having bolts which were not
tightened with the test results reported
herein for riveted joints without clamping.
The results of the Kansas tests, plotted on
the S-N diagram of Figure 16 along with the
results of the present program, show excellent
agreement, despite the great difference in
size of the joints studied.
The present test results for joints with
normal rivet clamping can not be compared with
the results of the Kansas high clamping tests
because most of the Kansas tests did not de-
velop typical fatigue failures through the net
section. The Kansas tests with clamping
apparently had such a high level of bolt
tension that the joints behaved as high-
strength bolted joints. The manner of fail-
ure, frequently through the gross section of
a plate, and the long lives at high stresses
substantiate this observation.
F. EFFECTS OF BEARING PRESSURE ON THE DESIGN
OF JOINTS IN FATIGUE
It should be recognized that joints in
bridges or buildings are generally such that
the bearing ratio will not be the limiting
design criterion; typically, these joints may
be well below the maximum permitted bearing
stresses. However, attention to fatigue of
structural connections and members has been
intensified in recent years. The probability
of fatigue failures in bridges has increased
because of substantial increases in allowable
stresses and in the actual and predicted
numbers of cycles of loading. For the purpose
of evaluating the problem of rivet bearing
pressure under repeated loadings, one of the
more informative ways to study these data is
by means of modified Goodman diagrams. From
the summary curves of the fatigue data shown
in Figures 5, 6, and 7, modified Goodman
diagrams for 100,000, 500,000, and 2,000,000
cycles were drawn and are shown in Figures 17,
18, and 19.
In Figures 17, 18, and 19, the range of
average stresses reflects both normal and
reduced clamping but excludes the IFR fatigue
data with a bearing ratio of 2.74, which is
well above that now permitted by U.S. speci-
fications. As observed earlier, joints with
these high bearing ratios had substantially
smaller fatigue strengths. The scatter bands
of these curves were derived from the extreme
results of the individual S-N curves which
are shown in Appendix B.
From the data in Figures 5, 6, and 7, it
TABLE 6.
RECOMMENDED DESIGN EQUATIONS FOR RIVETED CONNECTIONS OF MILD STEEL
Loading
Condition;
Design Cycles
Net Section
Design
Equations**
ksi
Resulting Minimum Factors of Safety
Based on Lower Curve Based on Middle Curve
of Average Band of Average Band
Reversal 0 to T 1/2 T to T Reversal 0 to T 1/2 T to T
R = -1 R = 0 R = +1/2 R = -1 R = 0 R = +1/2
(1) <10,000
(2) 10,000-100,000
(3) 100,000-500,000
crl = a = 20
20
2 1 - 0.50R
18
03 1 - 0.55R
(4) 500,000-2,000,000 4
= 1 - 0.60R
(5) >2,000,000 14
-5 1 - 0.65R
1.65 1.65 1.65
1.58 1.38 1.65
1.46 1.25 1.65
1.25 1.06 1.38
1.47 1.21 1.38
1.65 1.65 1.65
1.73 1.62 1.65
1.62 1.51 1.65
1.40 1.37 1.65
1.65 1.57 1.65
Assumed static allowable design stress, ao , of 20 ksi.
Where "R" is the ratio of the total minimum stress to the total maximum stress, taken
algebraically, and a- must always be less than or equal to g .
-** n a
Minimum Factor of Safety is the ratio of the fatigue strength or the yield strength of the
material (whichever is the smaller) at the maximum number of cycles for loading conditions
1, 2, 3, and 4 to the stress calculated by the appropriate design equation. For loading
condition 5, it is assumed that the fatigue strength at 2,000,000 cycles is the fatigue limit.
has been observed that joints with reduced
clamping have lower fatigue strengths. Since
the "normal" rivet clamping force can vary
considerably in the connections of an actual
structure and, in the field, may actually
approach the condition of reduced clamping
obtained in the laboratory tests, the results
of the reduced clamping tests should be se-
lected as a lower bound for design require-
ments for the fatigue of riveted connections
in steel.
The selection of appropriate design
stresses for riveted joints subject to fatigue
loadings requires an evaluation of a number
of factors inherent in all fatigue design
problems, such as: How well can magnitude
and frequency of load be predicted? What
loading spectra involving maximum to minimum
stresses are appropriate? How well can labo-
ratory conditions simulate joints with normal
shop fabrication and field erection loaded
over a long period of time? Will rest
periods, normal atmospheric corrosion, rust-
ing, or other factors alter behavior? How
serious will a potential fatigue failure be in
terms of service of the structure, cost of
repair or replacement, etc.? And how often
and thoroughly will the structure be inspect-
ed?
The test results of this program were
limited to a mild steel; typically, this steel
might be assigned a static tensile design
stress of 20 ksi. For steels of this type,
and after an evaluation of some of the factors
noted above, recommended design equations for
fatigue loadings have been developed and are
presented in Table 6. More complete recom-
mendations and comparisons with present (1964)
specifications appear in Appendix C.
These recommended design equations were
developed with the following aims: (1) to
provide, under all stress cycles (zero-to-
tension, reversal, etc.), a factor of safety
of more than one and preferably 1 1/4 to
1 1/3 (based on stress rather than number of
cycles); (2) to be in a form which already
would be familiar to designers; (3) to be in
a format appropriate for possible extension
with little change to low alloy steels
(static design levels of, say, 30 ksi); and
(4) to bear a clear relation to the results
of these tests and to the resulting modified
Goodman diagrams.
In selecting the equations shown in
Table 6, many alternatives for meeting the
above aims were evaluated and compared. The
final choice, which best reflected these
criteria, is also in a convenient format
since each change in loading cycle beyond
100,000 cycles calls for a change of 2 ksi in
the numerator and a change of 0.05 in the
denominator. These design equations can be
shown as a series of lines on a modified
Goodman-type diagram as shown in Figure 20a.
A similar set of equations may be written for
allowable shear on the fasteners; these
equations, taken as three-fourths those for
net section stress, are plotted in Figure 20b
and are given in Table IC of Appendix C.
These same general types of design
equations could be written for low alloy
steels by selecting an appropriate o . That
a
basic allowable stress would serve as the
static design stress and as an upper limit on
allowable stresses for design fatigue lives
of more than 10,000 cycles. Although it may
be found appropriate to change the coefficient
of R and thus the slope of the lines, such
design relationships can be visualized on
Figure 20a by extending lines (2) , (3), (4),
and (5) up to the right until they intersect
a horizontal line drawn at the new basic
static design stress.
For convenience, the factors of safety
provided by the recommended design equations
are shown in Table 6, based on the results
reported herein or a yield strength of 33,000
psi. The minimum values (those calculated
for long life) are just slightly greater than
unity at one point for the lower curve of the
average band. However, all other points show
greater factors of safety. When the middle
of the average band is considered, the factors
of safety are 1 1/3 or greater. The middle
curve of the average band may represent the
behavior of typical joints with normal fabri-
cation, but there is little assurance that a
specific joint will be typical. If the ex-
treme limits of the scatter band are used to
calculate factors of safety, different ratios
would result.
Comparisons are given in Table 2C of
Appendix C to facilitate the reader's evalu-
ation of the recommended design equations
shown in Table 6, on Figure 20, and in
Appendix C, with equations presently specified
(1964) for the design of riveted connections.
It will be seen that in certain cases factors
of safety less than unity may exist at present
(1964).
The recommended design equations of
Table 6 and Appendix C will provide a reason-
able minimum factor of safety for riveted
connections of mild steel. Bolted connections
of A7 steel, similar geometry and with minimum
required bolt tension(22) have factors of
safety against fatigue failures at 2,000,000
cycles well above unity and well above those
of riveted connections. This fact led to the
observation that where more than 100,000
cycles of load are involved, connections to
be assembled with A325 bolts may be designed
with the same design stresses which would be
allowed for riveted construction subject to
static loads only. However, design equations
similar to those for rivets might be developed
for high-strength bolted connections, possibly
by increasing the numerator and adjusting the
coefficient of R appropriately, if need be.
Such equations should be developed by further
investigation and are outside the scope of
this report.
V. CONCLUSIONS
On the basis of the results of the tests
reported herein, several general observations
may be made concerning the effect of bearing
pressure on the fatigue strength of riveted
double-lap joints of mild steel. These mem-
bers had tension:shear ratios of 1:0.75,
bearing ratios of 1.37, 1.83, 2.36, and 2.74
and were assembled with four 7/8-inch diameter
hot-driven rivets arranged in a square pat-
tern. The conclusions are as follows:
(1) In the fatigue tests, as rivet grip
was increased, the average net section stress
at "first change in slip" increased and the
fatigue life was extended. This tends to
substantiate the conclusion that higher rivet
clamping forces exist with larger rivet grips.
(2) The scatter of fatigue results for
specimens with "normal" clamping is believed
to have been caused by the variation in ini-
tial clamping force of the rivets and/or the
degree of rivet hole filling. It appears
that clamping force may vary widely in rivets
of relatively short grips even when driven in
a single shop, at approximately the same time,
and using more care than is exercised in
normal shop fabrication.
(3) An increase in bearing pressure
increases the local stresses at the rivet
hole and produces a reduction in fatigue
strength for the loading conditions considered
in this report. However, the bearing ratio
cannot be changed without changing other
variables such as geometry of the plate, grip
of rivets, etc.
(4) The proportional effect that the
bearing ratio, geometry changes, or rivet
grip has on fatigue strength cannot be de-
fined. As bearing ratio increases, the trans-
verse spacing increases, the plate thickness
decreases, and the rivet grip decreases. The
increase of transverse spacing and the
decrease of plate thickness simultaneously
produce a more non-uniform stress distribu-
tion, thereby lowering the fatigue strength.
Higher clamping force increases the fatigue
strength since the higher compressive force
under the fastener produces a more uniform
stress distribution in the plate around the
rivet hole.
(5) The test results of joints with both
normal and reduced clamping were in good
agreement with those from other sources.
(6) Design stresses for fatigue loadings
should be related to the number of applied
cycles of stress and to the stress range.
Relationships of the form,
ka
-1 
- k2R
can be used in design, when
kI and k2 are factors less than unity
which depend upon the number of applied
cycles, and may be varied for different
types of materials. These coefficients
may be affected by member geometry and
other factors.
a is a basic allowable stress for
static loading.
R is the ratio of maximum to minimum
cyclic stress (tensile stress taken as
positive and compressive stress as
negative).
(7) Although fatigue strength is re-
duced with increasing bearing ratios (and
related geometry changes), the effect is not
pronounced for bearing ratios of less than,
say, 2.25. Therefore for mild steels, allowa-
ble bearing pressures as great as 2.25 times
the allowable tensile stress would seem
justified for riveted connections subject to
fatigue loadings as well as to static
loadings.
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VI. APPENDICES
A. DETAILS OF ALL SPECIMEN TESTS
TABLE IA.
RESULTS OF FATIGUE TESTS--SPECIMEN TYPE IFR
T:S:B = 1.00:0.75:2.74; Grip = 7/8 in.
Stress Cyclic First Tension Net ectiond 
Remarks
Specimen Cycle Speed Cycle Sli 
S
trss at First App led Remarks
Number ksi cpm In. 0 Change In Slip Cycles
I 0 to +30 200 112 11.5 56,900 normal clamping
2 0 to +28 200 94 11.2 71,400 normal clamping
3 0 to +28 200 68 9.3 80,900 normal clamping
4 0 to +18 200 45 11.3 417,200 normal clamping
5 0 to +20 200 55 13.5 315,700 normal clamping
0 to +18 200 44 15.5 685,600 normal clamping
STATIC
±16
±12
TEST
200
200
10 ±12 100 34
11 ±14 100 13
12 ±12 100 64
13 0 to +14 100 37
14 0 to +14 100 62
normal clamping
9.5 66,500+ normal clamping; discontinued tests
7.4 390,400+J due to pounding of the machine
9.6 1,907,300 normal clamping
11.7 945,200 normal clamping
4.8 138,400+ reduced clamping (machined rivets);
could not set eccentric due to
excessive elongation of rivet holes
2.6 542,800 reduced clamping (machined rivets)
4.8 1,358,700+ reduced clamping (machined rivets);
failed in outside plate
15 +15 to +30 200 95 12.8 951,400 normal clamping
16 ±20.5 100 48 9.5 221,200 normal clamping
17 ±14 100 8 7.0 929,300+ normal clamping; could not set
load range, internal fatigue crack
18 +19 to +38 200 126 12.6 232,000+ normal clamping; could not set
load range, internal fatigue crack
19 0 to +30 100 138 2.6 35,300 reduced clamping (pressed rivets)
20 ±21 100 13 13.8 103,800 normal clamping
21 ±12 100 3 ** 1,836,400+ normal clamping; could not set
eccentric, internal fatigue crack
22 +19 to +38 200 109 13.0 193,100+ normal clamping; could not set
load range, internal fatigue crack
23 0 to +30 100 127 ** 48,800 reduced clamping (pressed rivets)
24 +19 to +38 100 237 7.0 84,100 reduced clamping (pressed rivets)
25 +19 to +38 100 242 ** 83,100 reduced clamping (pressed rivets)
+15 to +30
0 to +20
±12
29 ±20 100 34
30 0 to +20 100 192
31 ±20 100 45
180,100 reduced clamping (pressed rivets)
305,700 reduced clamping (pressed rivets)
615,500+ reduced clamping (pressed rivets);
could not set eccentric due to
excessive elongation of rivet holes
36,000+ reduced clamping (pressed rivets);
could not set eccentric due to
excessive elongation of rivet holes
278,200+ reduced clamping (pressed rivets);
could not set load range, internal
fatigue crack
44,000+ reduced clamping (pressed rivets);
could not set eccentric, internal
fatigue crack
Note: The first cycle slip was taken from 0 to the maximum stress and back to zero (including the reversal and
1/2 tension-to-full tension tests).
+ Test did not have a visible failure in the test section; test was stopped.
* This slip was taken from 0 to 16 ksi and back to 0 - this was used at first to estimate the life but was
found unsatisfactory.
** No marked change in slope of the net section stress-slip curve.
TABLE 2A.
RESULTS OF FATIGUE TESTS--SPECIMEN TYPE 2FR
T:S:B = 1.00:0.75:2.36; Grip = 1 1/16 in.
Stress Cyc Iic Fr Te ns Net Section
Stress Cyclic Frs Tension Stress at First Applied RemarksSpecimen Cycle Speed Cycle Slip he Remarks
Number ksi cpm in. 0- Change in Slip Cycles
ksi
1 0 to +22 200 5 ** 1,470,500 normal clamping
2 0 to +30 200 50 16.0 878,100 normal clamping
3 ±16 200 24 * 1,104,900 normal clamping
4 S T A T I C T E S T normal clamping
5 ±16 200 13 * 1,354,400 normal clamping
6 0 to +30 200 39 25.0 1,526,900 normal clamping
7 0 to +30 200 64 11.0 82,700 normal clamping
8 0 to +22 200 19 20.5 3,979,200+ normal clamping, failure of
bolted head of specimen
9 0 to +19 200 7 * 5,035,600+ normal clamping, no failure
10 0 to +21 200 35 9.2 989,300 normal clamping
11 0 to +30 200 71 13.8 92,000 normal clamping
12 ±16 100 35 14.0 914,700 normal clamping
13 +17.5 to +35 200 74 15.2 2,505,000 normal clamping
14 ±13 100 18 * 2,686,200 normal clamping
15 0 to +30 200 39 24.5 1,045,600+ normal clamping, failure of
bolted head of specimen
16 0 to +22 200 46 14.0 331,000 normal clamping
17 0 to +17 200 0 * 4,663,600+ normal clamping, no failure
18 0 to +18 200 85 excessive slip 2,014,300 reduced clamping (machined rivets)
at beginning
19 0 to +18 200 61 excessive slip 1,314,700 reduced clamping (machined rivets)
at beginning
20 +18 to +36 200 59 15.5 3,386,600+ normal clamping, internal
fatigue crack
21 0 to +28 200 60 excessive slip 127,000 reduced clamping (machined rivets)
at beginning
22 +18.5 to +37 200 55 15.2 227,400 normal clamping
23 +15 to +30 200 67 13.0 3,045,200+ normal clamping, no failure
24 +17.5 to +35 200 106 - 604,900 normal clamping
25 +18.5 to +37 200 64 15.2 271,700 normal clamping
26 +17.5 to +35 100 48 22.0 1,320,100+ normal clamping, could not set
maximum load, failure of bolted
head of specimen
27 0 to +18 200 16 * 1,239,800 reduced clamping (pressed rivets)
28 0 to +28 200 60 1.3 137,700 reduced clamping (pressed rivets)
29 ±26 100 33 15.9 42,500 normal clamping
30 ±26.5 100 50 13.6 26,600+ normal clamping, could not set
maximum load, internal fatigue
crack
31 ±18.75 100 20 13.8 441,000 normal clamping
+ Test did not have a visible failure in the test section; test was stopped.
** No marked change in slope of the net section stress-slip curve.
TABLE 3A.
RESULTS OF FATIGUE TESTS--SPECIMEN TYPE 3FR
T:S:B = 1.00:0.75:1.83; Grip = 1 5/16 in.
Stres Cc T Net Section
Specimen ess Cyclic First Tension Stress at First Applied RemarksNumber ksi Cycle Speed Cycle S10 Change in Slip Cycles
ksi cpm in. x ks I
1 0 to +30 200 50 15.6 153,900 normal clamping
2 0 to +30 200 34 24.7 243,700 normal clamping
3 0 to +30 200 48 16.0 114,700 normal clamping
4 0 to +24 200 31 20.2 668,300 normal clamping
5 0 to +24 200 66 20.2 1,317,000 normal clamping
6 0 to +24 200 34 20.2 1,160,900 normal clamping
7 S T A T I C T E S T normal clamping
8 ±16 200 4 * 1,632,600 normal clamping
9 ±16 200 10 13.8 954,700+ normal clamping; failure in
outside plate
10 ±16 100 8 13.9 695,900 normal clamping
0 to +22
+19.5 to +39
±16
±24
15 +20.5 to +41 200 39
0 to +24
+19 to +38
+18.5 to +37
0 to +30
0 to +17
5,104,000+ normal clamping, no failure
4,877,500+ normal clamping, no failure
2,535,200 normal clamping
83,000+ reduced clamping (pressed rivets);
rivet failure
792,700 normal clamping
203,500
1,340,400
3,581,400+
71,800
1,634,500
+22.5 to +45
±24
+22.5 to +45
reduced clamping (machined rivets)
normal clamping
normal clamping, no failure
reduced clamping (machined rivets)
reduced clamping (machined rivets)
431,000 normal clamping
123,200 reduced clamping (pressed rivets)
66,200+ reduced clamping (pressed rivets);
could not set maximum load,
internal fatigue crack
75,800 reduced clamping (pressed rivets)
330,600 normal clamping
24 +22.5 to +45 100
25 ±24 100
221,200
778,800
182,800+
159,200
461,800
681,200
reduced clamping (pressed rivets)
normal clamping
reduced clamping (pressed rivets);
ran out of eccentric due to
excessive elongation of rivet holes
normal clamping
normal clamping
normal clamping
+ Test did not have a visible failure in the test section; test was stopped.
** No marked change in slope of the net section stress-slip curve.
+19 to +38
±16
±16
TABLE 4A.
RESULTS OF FATIGUE TESTS--SPECIMEN TYPE 4FR
T:S:B = 1.00:0.75:1.37; Grip = 1 3/4 in.
Stress CyclIic First Tension -Net Section
Specimen es Cycle Slip Stress at First Applied Remarks
Number ksi cpm in. x k0- Change in Slip Cycles
1 0 to +30 200 9 ** 563,700 normal clamping
2 0 to +30 200 29 27.0 266,400 normal clamping
3 0 to +30 200 13 25.0 1,758,600+ normal clamping, failure of
bolted head of specimen
4 0 to +24 200 4 ** 3,730,600+ normal clamping, no failure
5 t20 200 5 ** 168,500 normal clamping
6 0 to +24 200 7 ** 1,005,200 normal clamping
7 S T A T I C T E S T normal clamping
8 0 to +25 200 6 -* 1,419,400 normal clamping
9 ±16 200 1 * 391,500 normal clamping
10 ±16 100 2 ** 1,142,800+ normal clamping, failure of
bolted head of specimen
±16
+20.5 to +41
0 to +18
+20.5 to +41
±14
1,012,400
842,300
943,500
845,700
1,716,200+
normal clamping
normal clamping
reduced clamping (machined rivets)
normal clamping
reduced clamping (pressed rivets);
failure in outside plate
16 ±26 100 6 ** 52,200 normal clamping
17 0 to +30 100 23 ** 106,200 reduced clamping (pressed rivets)
18 +23 to +46 100 193 ** 98,700 reduced clamping (pressed rivets)
19 ±26 100 11 ** 66,200 normal clamping
20 0 to +30 200 77 ** 185,400 reduced clamping (machined rivets)
+19.5 to +39
+20 to +40
+18 to +36
±24
25 0 to +22 200 55
+23 to +46
+20 to +40
±14
29 +23 to +46 100 196
±24 100 68
31 +23 to +46 100 84
1,351,800 normal clamping
198,400 reduced clamping (pressed rivets)
419,300 reduced clamping (pressed rivets)
52,900+ reduced clamping (pressed rivets);
rivet failure
609,000 reduced clamping (machined rivets)
256,700 normal clamping
979,700 normal clamping
456,400+ reduced clamping (machined rivets);
rivets fell out during testing
134,000+ reduced clamping (machined rivets);
could not set maximum load,
internal fatigue crack
62,400+ reduced clamping (machined rivets);
rivet failure
510,900+ normal clamping; could not set
maximum load, internal fatigue crack
+ Test did not have a visible failure in the test section;
** No marked change in slope of the net section stress-slip
test was stopped.
curve.
TABLE 5A.
RESULTS OF STATIC TESTS
Specimen Bearing Ultimate
Number Ratio Load
kips
IFR-7 2.74 223.7
2FR-4 2.36 244.0
3FR-7 1.83 241.6
4FR-7 1.37 241.8
Net(0)
Sect ion
Area
inch2
3.60
3.62
3.60
3.60
Ultimate Net
Section
Stress
ksi
62.1
67.4
67.2
67.2
Efficiency of Joint, %
Theoretical(2) Calculated (3 ) Experimental(4)
83.7
81.5
77.4
71.9
84.5
84.0
82.0
79.1
77.9
79.6
81.6
74.3
(1)Based on (specimen width -2 x actual hole diameter) X (thickness of center plate).
(2)Ratio, in percent, of net area to gross area.
(3)Using Efficiency Coefficient from "Net Section Design," by W. H. Munse and E. Chesson, Jr.,
Paper 3413, ASCE Struc. Div. Journal STI, Feb. 1963, pp. 107-126.
(4)Ratio, in percent, of ultimate specimen load to ultimate coupon strength multiplied times
gross area of specimen.
RESULTS OF "NO APPARENT FAILURE"
TABLE 6A.
FATIGUE SPECIMENS TESTED TO ULTIMATE STATICALLY
Specimen Ultimate Load
Number
kips
2FR-9
2FR-17
2FR-23
3FR-1l
3FR-12
3FR-18
4FR-4
Ultimate Net
Section Stress"
ksi
71.5
73.2
69.0
66.4
66.7
66.2
67.0
Experimental
Efficiency
of Joint*
%
85.0
86.9
82.0
80.2
80.5
79.8
73.0
Net section area and experimental efficiency are defined in Table 5A.
B. S-N PLOTS FOR ALL TESTS AND REFERENCE DATA
LEGEND FOR PLOTS OF APPENDIX B
SYMBOLS
* Normal Clamping
S Reduced Clamping
a Normal Clamping
D Reduced Clamping
Tests Reported Herein
"The Effect of Various Fasteners on the Fatigue
Strength of a Structural Joint" by K. H. Lenzen,
AREA Bulletin 481, Vol. 51, June-July 1949
(Reference 11).
"Fatigue Tests of Joints of High-Strength Steels" by Norman G. Hansen. ASCE
Transactions, Vol. 126, Part II, Paper 3241, pp. 750-763.
"Tests of Riveted Joints with High Rivet Bearing" by W. M. Wilson and W. H. Munse.
Progress Report--Committee on Project I of Research Council on Riveted and Bolted
Joints, August 1, 1948 (Reference 10).
r+ "Fatigue Strength of Fillet-Weld and Plug-Weld Connections in Steel Structural
Members" by W. M. Wilson, W. H. Bruckner, J. E. Duberg, and H. C. Beede.
Bulletin 350, University of Illinois, 1944.
L4^ "Fatigue Tests of Riveted Joints" by W. M. Wilson and F. P. Thomas. Bulletin 302,
University of Illinois, 1938 (Reference 9).
X "The Effect of Grip upon Fatigue Strength of Riveted and Bolted Joints" by F. Baron
and E. W. Larson, Jr. Second Progress Report--Project 5, Northwestern University,
1951.
0 "The Effect of Rivet Pattern on the Fatigue Strength of Structural Joints" by
F. Baron, E. W. Larson, Jr., and K. J. Kenworthy. Progress Report of Project 6
and 7, Northwestern University, 1953.
( ) Numbers in parentheses indicate number of specimens represented by a single plotted
symbol.
L.. Specimen did not fail at critical section (net section with maximum plate stress
was in center plate of specimen (Figure 1). Test terminated.
All other specimens shown on these plots had normal rivet clamping.
Where specimens of this study failed outside critical section, the following code has been
used:
R = rivet failure.
S = outside plate failure.
H = specimen head failure.
(See text and Tables IA-4A)
E = excessive elongation of rivet holes prevented
the load from being maintained
P = pounding of fatigue machine prevented test from
being completed.
F = rivet fell out during testing.
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REFERENCE AND TEST RESULTS FOR SPECIMENS UNDER ZERO-TO-TENSION LOADING
WITH A BEARING RATIO RANGE 3.00 AND HIGHER
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FIGURE 6B. REFERENCE AND TEST RESULTS FOR SPECIMENS UNDER COMPLETE REVERSAL
LOADING WITH A BEARING RATIO RANGE 1.49 AND BELOW
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FIGURE 8B. REFERENCE AND TEST RESULTS FOR SPECIMENS UNDER COMPLETE REVERSAL
LOADING WITH A BEARING RATIO RANGE 2.00 TO 2.49
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FIGURE 10B. REFERENCE AND TEST RESULTS FOR SPECIMENS UNDER HALF TENSION-TO-TENSION
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FIGURE 11B. REFERENCE AND TEST RESULTS FOR SPECIMENS UNDER HALF TENSION-TO-TENSION
LOADING WITH A BEARING RATIO RANGE 1.50 TO 1.99
'041
Sc ---- ------------ ---- --------- i__--- -------------- --- |---- --- -- i-
80 --- --- -------- --- --- ---- -- --- -- --- -- --- ---- --- --
60 ---- -- - -- --- -- --- -- ----- -- __  - ----- --- ---- -- ---
10
- Bearing Ratio
2.36S - Normal Clamping
10 A6 0 25 400 -60 B 1000 2000 4000 6000
Cycles To Failure, In Thousands
FIGURE 12B. REFERENCE AND TEST RESULTS FOR SPECIMENS UNDER HALF TENSION-TO-TENSION
LOADING WITH A BEARING RATIO RANGE 2.00 TO 2.49
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C. RECOMMENDED DESIGN FOR RIVETED CONNECTIONS
OF MILD STEEL SUBJECTED TO REPEATED LOADS
The recommendations outlined in the body
of this report have been expanded in this
appendix into the format of a possible speci-
fication and are summarized for connected
material and rivets in Table IC.
Should the reader wish to compare the
present (1964) specifications with the recom-
mendations of this report, Table 6 and
Table 2C will prove helpful. It might be
noted that the 1964 AASHO specification values
in Table 2C were developed in part from early
results of these tests as submitted in a
communication(23) by W. H. Munse. Prior to
the 1964 AASHO changes those specifications
had fatigue design requirements quite similar
to those of AREA which are shown in Table 2C.
In the following discussion, the number
of load cycles to which a member may be
subjected has been separated into five loading
conditions, which are analogous to the current
(4)(1963) AISC specifications 
--except that the
100,000- to 2 ,000,000-cycle loading condition
was divided into two loading conditions. This
further breakdown of the loading condition was
included to reduce the range of the factor of
safety and to make possible more economical
designs. Although designers may find it dif-
ficult to define accurately the loading
conditions to which a structure and its
various components may be subjected, the
following might serve as a preliminary guide
for the bridge designer until more complete
and effective relationships have been developed.
Loading Condition 1 (Up to 10,000 Cycles
of Maximum Stress). In general the main
members of long-span truss bridges and their
connections will seldom be subjected to the
maximum design conditions and would fall under
this category.
Loading Condition 2 (10.000 to 100.000
Cycles of Maximum Stress). This condition
would represent members or connections that
can be expected to receive from one applica-
tion of maximum stress every other day for
fifty years, to five applications of maximum
stress per day for fifty years and would
probably represent the stress condition in the
main members (except for hangers) of most
truss bridges 400 to 600 feet in length.
Loading Condition 3 (100,000 to 500,000
Cycles of Maximum Stress). This condition
would represent members or connections that
can be expected to receive 5 to 25 applica-
tions of maximum stress per day for a fifty-
year period and would probably represent the
stress condition in the main members (except
for hangers) of most truss bridges 400 feet
in length or less.
Loading Condition 4 (500,000 to 2,000,000
Cycles of Maximum Stress). This condition
represents members or connections that can be
expected to receive 25 to 100 applications of
maximum stress per day for a fifty-year period.
Included in this category would be such
members as the hangers of most truss bridges
and the girders of most simple and continuous
girder bridges of less than 200 feet span.
Loading Condition 5 (over 2,000,000
Cycles of Maximum Stress). This represents
structures and members subjected to more than
100 applications of maximum stress per day
for fifty years. Included under this category
would be the floor systems of most bridges
and also the main beams or girders of rela-
tively short span bridges (spans of 60 feet
or less).
POSSIBLE DESIGN SPECIFICATION FOR RIVETED
CONNECTIONS OF MILD STEEL SUBJECTED TO
REPEATED LOADS
Connections Subject to Repeated Variations
of Stress
Connections, connection material, and
rivets that are subject to repeated variations
or reversals of stress shall be proportioned
in accordance with the requirements of this
section.
The algebraic maximum and minimum
stresses shall be determined considering dead
load, live load, and impact stresses. The
necessary connection material and rivets shall
then be determined on the basis of these
maximum and minimum stresses and the number of
cycles of maximum stress expected to occur
during the life of the member or connection
(see Table IC).
Up to 10,000 Cycles of Maximum Stress
(Loading Condition No. 1). The stress carry-
ing area of connection material and rivets
need not be increased because of repeated
variations or reversals of stress unless the
maximum stress is expected to occur more than
10,000 times during the life of the structure.
10,000 to 100,000 Cycles of Maximum
Stress (Loading Condition No. 2). Connection
material and rivets subject to more than
10,000 but not more than 100,000 applications
of maximum stress shall be proportioned at the
allowable unit stresses of the appropriate
specification to support the algebraic differ-
ence of the maximum computed stress and
five-tenths of the minimum computed stress,
10,000 cycles is approximately equivalent to
one application every other day for fifty years.
100,000 cycles is approximately equivalent to
five applications per day for fifty years.
500,000 cycles is approximately equivalent to
25 applications per day for fifty years.
2,000,000 cycles is approximately equivalent
to 100 applications per day for fifty years.
In determining the algebraic difference,
tensile stress is designated as positive and
compression stress as negative.
but in no case shall the stress carrying area
be less than that provided by the allowable
unit stresses.
100.000 to 500,000 Cycles of Maximum
Stress (Loading Condition No. 3). Connection
material and rivets subject to more than
100,000 but not more than 500,000 applications
of maximum stress shall be proportioned at
nine-tenths of the allowable unit stresses of
the appropriate specification to support the
algebraic difference of the maximum computed
stress and fifty-five hundredths of the
minimum stress, but in no case shall the
stress carrying area be less than that
provided by the allowable unit stresses.
500,000 Cycles to 2,000,000 Cycles of
Maximum Stress (Loading Condition No. 4).
Connection material and rivets subject to
more than 500,000 but not more than 2,000,000
applications of maximum stress shall be
proportioned at eight-tenths of the allowable
unit stresses of the appropriate specification
to support the algebraic difference of the
maximum computed stress and six-tenths of the
minimum stress, but in no case shall the
stress carrying area be less than that pro-
vided by the allowable unit stresses.
Over 2,000,000 Cycles of Maximum Stress
(Loading Condition No. 5). Connection
material and rivets subject to more than
2,000,000 applications of maximum stress shall
be proportioned at seven-tenths of the allowa-
ble unit stresses or the appropriate specifi-
cation to support the algebraic difference of
the maximum computed stress and sixty-five
hundredths of the minimum stress, but in no
case shall the stress carrying area be less
than that provided by the allowable unit
stresses.
TABLE IC.
POSSIBLE DESIGN STRESSES FOR RIVETED CONNECTIONS
OF MILD STEEL SUBJECTED TO REPEATED LOADS
Allowable Stresses
For Connected Materials For Rivets (in shear)
Loading Condition No. 1
Less than 10,000 cycles of
maximum load expected during
the life of the connection.
Loading Condition No. 2
10,000 to 100,000 cycles of
maximum load expected to occur
during the life of the connection.
Loading Condition No. 3
100,000 to 500,000 cycles of
maximum load expected to occur
during the life of the connection.
Loading Condition No. 4
500,000 to 2,000,000 cycles of
maximum load expected to occur
during the life of the connection.
Loading Condition No. 5
Over 2,000,000 cycles of
maximum load expected to occur
during the life of a connection.
Where R is the ratio of the total
taken algebraically.
a' = oa = 20,000 psi
20,000
2 1 - 0.50R
but u2 < g
18,000
'3 1 - 0.55R
but c3 < T 1I
S16,000
'4 1 - 0.60R
but (T4 < o 1
14,000
'5 1 - 0.65R
but a5 < '1
, = T = 15,000 psiI a
15,000
2 1 - 0.50R
but Tr <T
13,500
'3 1 - 0.55R
but T3  T
3 :-*
12,000
' 4  1 - 0.60R
but T4 4 Tl
10,500
'5 1 - 0.65R
but T5 < T1
minimum stress to total maximum stress
Loading
TABLE 2C.
FACTORS OF SAFETY FOR FATIGUE LOADINGS
Present (1964) Design Specifications
Des• Min. F.S. for Lower Min. F.S. for Middle
Case Loading Curve of Av. Band Curve of Av. Band
Condition ksi Reversal 0 to T 1/2 T to T Reversal 0 to T 1/2 T to T
ksR - -1 R - 0 R - +1/2 R - -I R - 0 R - +1/2
<10,000 oa = 20 1.65 1.65 1.65 1.65 1.65 1.65
20
10,000-100,000 a - < 2/3R 1.75 1.38 1.65 1.91 1.62 1.65
AISC ra a 20
1963 20
100,000-500,000 a I - 2/3R 1.42 1.12 1.65 1.56 1.36 1.65
A-7 a < 20
Steel 20
500,000-2,000,000 a T - 2/3R 1.04 0.85 1.38 1.17 1.10 1.65
ca < 20
13.3
a -
/
>2,000,000 a I -
3/ 4 R  
1.64 1.28 1.38 1.84 1.65 1.65
ea < 20
<10,000 a - 22 1.50 1.64 1.64 1.64 1.64 1.64
22° ;a -
10,000-100,000 a  f - 2/3 R  1.60 1.25 1.64 1.75 1.48 1.64
AISC a 
< 
22
1963 20
100,000-500,000 a I -
2 / 3 1.42 1.12 1.60 1.56 1.36 1.64
A-36 __a a< 22
Steel 20
500,000-2,000,000 
a  
I - 2/3 R  1.04 0.85 1.25 1.17 1.10 1.50
oa < 22
13.3
>2,000,000 a I - 3/4R 1.64 1.28 1.30 1.84 1.65 1.55
Ta < 22
<10,000 a = 20 1.65 1.80 1.80 1.80 1.80 1.80
20
10,000-100,000 a  1 - 1/2 R  1.58 1.38 1.80 1.73 1.62 1.80
AASHO a - 20
1964 16.7
100,000-500,000 a 1 -
1/2R 1.53 1.34 1.75 1.69 1.62 1.80
A-36 a a 20
Steel 16.7
500,000-2,000,000 a I - 1/2 R  1.13 1.01 1.38 1.26 1.32 1.65
a < 20
13.3
>2,000,000 a T - 1/2 R  1.41 1.28 1.55 1.58 1.65 1.85
aa < 20
<10,000 ca = 20 1.65 1.80 1.80 1.80 1.80 1.80
-a - -- I/--
10,000-100,000 a I - 1/2R  1.58 1.38 1.80 1.73 1.62 1.80
AREA ___a 
- 
20
1963 20
100,000-500,000 a I -
1 /2R 1.28 1.12 1.75 1.41 1.36 1.80
A-36 a a 20
Steel 20
500,000-2,000,000 a 1 - 1/2R 0.94 0.85 1.38 1.05 1.10 1.65
ar < 20
20
>2,000,000 a T 0.94 0.85 1.38 1.05 1.10 1.65
< 20
* Minimum Factor of Safety is the ratio of the fatigue strength or the yield strength of the material
(whichever is the smaller) at the maximum number of cycles for loading conditions 1, 2, 3 and 4, to
the stress calculated by the appropriate design equation. For loading condition 5, it is assumed
that the fatigue strength at 2,000,000 cycles Is the fatigue limit.
** Where 'R" is the ratio of the total minimum stress to the total maximum stress, taken algebraically,
and an must always be less than or equal to ora.
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